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Various mechanisms exist by which the body may buffer 
acidosis and thus prevent a disastrous increase in the hy¬ 
drogen ion concentration of body fluids. Renal and respir¬ 
atory regulation and intra and extracellular buffer systems 
all contribute to the maintenance of homeostasis. In both 
metabolic and respiratory acidosis renal compensatory res¬ 
ponses occur. In acidosis induced by the continued inhalation 
of carbon dioxide, the organism no longer has the respiratory 
system available for pH adjustments. 
It is well established that in metabolic acidosis sodium 
and to a lesser extent potassium are removed from bone and 
muscle and participate in the buffering of mineral acids (1-5)* 
This occurs presumably by an exchange of intracellular cation 
for extracellular hydrogen ion with a concomitant decrease in 
ionization of cell phosphate and proteinate. It has not been 
clearly delineated whether or not this also occurs in respir¬ 
atory acidosis. On the basis of indirect plasma and red cell 
studies it has been implied that this is true (6-8), Direct 
analysis of tissue has not given a clear answer (9). 
In order to evaluate the role of tissue cations in res¬ 
piratory acidosis, analyses of muscle, bone, liver, and plas¬ 
ma were made on normal rats which had been exposed to 8% car¬ 
bon dioxide for 24 hours, Nephrectomized rats were included 
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in this experiment in order to evaraate the renal contribution 
to any observed effect. Rats which had been previously placed 
on low sodium and low potassium diets were also studied to de¬ 
termine how this would affect the response to respiratory aci¬ 
dosis. Part of this work has been previously reported (10). 
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MBTHOD 
White Sprague-Dawley rats were maintained on a normal, 
low sodium, or low potassium diet* The composition of these 
diets is given in Table I* These animals had been previously 
trained to take a single 40 minute feeding per day* Follow¬ 
ing feeding, the animals were placed in an airtight Incite 
chamber with a controlled inflow of 8 ~0*5$ carbon dioxide in 
air for 2k hours* The oxygen content remained 19 1:1$ through¬ 
out* Water was allowed ad libitum during the study period ex¬ 
cept for the nephrectomized rats* No food was allowed during 
the time in the chamber* At the end of the experimental peri¬ 
od the animals were removed from the chamber, anesthetized 
lightly with pentobarbital and sacrificed in room air* As in¬ 
dicated in several of the experiments, after being anesthe¬ 
tized, the head of the animal was placed in a relatively air¬ 
tight hood with a rubber cuff around the neck* Eight per cent 
carbon dioxide in air continuously flowed through the hood 
preceding and during the sacrifice* 
A vertical mid-abdominal incision was made and the animal 
was exsanguinated via the abdominal aorta using a heparinized 
syringe containing mineral oil* The procedure was terminated 
when the blood ceased flowing smoothly. The entire liver was 
removed and placed without blotting into a dry previously 
weighed ground glass stoppered weighing bottle. Beyond hand¬ 
ling the tissue as expeditiously as possible, no attempt was 
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made to prevent water loss during transfer* Long skin in¬ 
cisions were made on the hind legs® The quadriceps muscles 
were removed with particular care to exclude fat, fascia and 
tendonous insertions® The muscles from "both extremities were 
placed together in one covered weighing bottle® The femurs 
were carefully scraped clean of attached muscle and tendon. 
The heads and distal epiphyses were cut off* The marrow was 
removed bjr repeated insertions of a #T7 needle through the 
medullary canal® The marrow-free shafts were then placed to¬ 
gether in a single weighing bottle® 
The wet specimens were dried for 5 days in an oven at 
97-t03°C®« The tissue was ground to a fine powder in indi¬ 
vidual mortars and redried for an additional 2k hours® The 
total weight lost during the two dryings was assumed to be the 
water content of the tissue® After the second drying the neu¬ 
tral fat was removed by extracting three times with about 30 cc. 
anhydrous diethyl ether® The bone was not fat extracted. The 
extraction was done in the weighing bottle with the cover 
tightly in place to minimize the absorption of water from the 
atmosphere® It had been observed earlier that electrolytes 
were lost during this procedure if the ether contained water® 
After 6 to 8 hours the clear supernatant was carefully siphoned 
from the specimen with a capillary tube attached to a vacuum® 
The tip of the tube was covered with a small piece of filter 
paper which prevented agitation during the procedure® After 
the third extraction the tissue was dried first in room air 
and then for 2k hours in the oven® The loss of weight in this 
* 
, 
. rC: .3:1 :-iiB oSoLam bwirwriJa lo ns»Io teqxsiwi \ISs^ibo *zev 
„ 
,... r. , zii'x.on a c:o aaclt'SB&ai. boAsaqF* ^ bovomv 
■• * 
. • • • • 1- •:• • ir- • 
5 ■ ■ ■ • : - - • - t* ' ■■ ' . i f1 ; : ■ 
. • » i , O r / > > ‘“*0 
•: ' . • : l : ■ ' ‘ 
-.ara.-ft2s s*v. ov^ ©# Sftteb cteol 
_ 
; -: ' ' 
. •* 
f 
. » ■'' '•■ 
•'■ ’ &. •> ■ ■ 
•••-•’ :: • 1 ft £•> ' ■$ 9$ $ 
-r, - $■'■ • g-r ■ rr,:-. . ! r> s £fcr£w . 
- • ; 
• ->L,jw-xb ' 
procedure determined the amount of neutral fat in the speci¬ 
men, Following extraction, the fat-free dry specimen was re¬ 
ground to a fine homogenous powder. 
Electrolyte Determinations (11). Specimens of powdered, 
fat-free liver and muscle, weighing 500 mgm., were placed in¬ 
dividually in small Erlenmeyer flasks to which were added 2.00 
cc. of 0.0500 N silver nitrate and 8 cc. of concentrated nitric 
acid. The specimens were digested overnight on a steam table. 
The temperature of the digestion mixture ranged from about 75° 
to 90°C. After digestion the solution was transferred quanti¬ 
tatively to a 25 cc. volumetric flask through clean glass wool. 
The resulting diluted sample was used for electrolyte deter¬ 
minations. The chloride concentration was determined by the 
Volhard method (11). 5»00 cc. aliquots were placed in dupli¬ 
cate chloride tubes to which were added 3 cc. concentrated ni¬ 
tric acid and saturated potassium permanganate solution. The 
tubes were heated in a water bath until clear and then cooled 
with ice water. Ferric alum indicator was added and the solu¬ 
tions titrated with 0.02 N sodium thiocyanate. A correction 
factor was determined. The sodium and potassium concentra¬ 
tions were determined in duplicate on diluted aliquots by in¬ 
direct flame photometry with the Baird spectrophotometer. 
Specimens of bone weighing 250 mgm. were digested over¬ 
night in Erlenmeyer flasks to which had been added 1.00 cc. of 
0.0500 N silver nitrate and 4 cc. of concentrated nitric acid. 
The digest was transferred quantitatively to a volumetric 
flask through clean glass wool. Sodium, potassium, and chlor- 
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ide were determined in duplicate as indicated above. Phos¬ 
phorus was determined by a modification of the method of Fiske 
and Subbarrow (12). To a 12.5 cc. volumetric flask were added 
0.500 cc. of diluted specimen, 2 cc. water, and 4 cc, of 20% 
trichloroacetic acid. 4.00 cc. of this solution, 2.00 cc. of 
0.5 N sulfuric acid, 0.200 cc. of 2,5$ molybdate and 0,100 cc, 
of sulfonic acid reagent were added to a calibrated cuvette. 
After 30 minutes the sample and standard solutions were read 
at 700 nji wavelength in a Coleman Jr. spectrophotometer. 
Plasma sodium and potassium were determined by indirect 
flame photometry with a Baird spectrophotometer, and the car¬ 
bon dioxide content by the method of Van Slyke and Neill (13). 
Plasma chloride was determined either by Volhard titration (11) 
or by potentiometric titration with silver nitrate as indicated. 
The air in the chamber was analyzed periodically for carbon diox¬ 
ide and oxygen in a Scholander gas analysis apparatus (14). 
Group I Normal Diet Twenty female rats were placed on 
the normal diet with trained feeding for 2 weeks prior to the 
experiment. Weight at sacrifice was 188 to 229 grams. There 
were 10 control and 10 experimental animals. The control ani¬ 
mals were those which remained in room air throughout the 24 
hour period and the experimental animals were those which were 
exposed to 8$ carbon dioxide. 
Group lb Eight experimental male rats on a normal diet 
with trained feeding for three weeks were sacrificed while in 
the carbon dioxide hood. Sacrifice weight was 282 to y02. grams. 
Group II Nephrectomy Thirteen male rats, weighing 312 to 
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396 grams at sacrifice, which had been on an untrained Purina 
Chow diet were included in this group. The animals were placed 
under ether anesthesia and a vertical mid-abdominal incision 
was made. The renal pedicles were tied off with single silk 
ligatures bilaterally and the two kidneys were removed with a 
minimum of manipulation. The adrenal glands remained in place 
and the incision was closed with metal clips. Following 
nephrectomy they did not receive food or water prior to sacri¬ 
fice. The animals recovered from the surgery for one hour and 
then 6 of them-were placed in the carbon dioxide chamber for 
24- hours. The remainder served as controls. Three of the ex¬ 
perimental animals were exsanguinated while in the carbon di¬ 
oxide hood. There were no significant differences in the plas¬ 
ma electrolyte determinations of these animals as compared to 
the 3 killed in room air and they were considered as a unit. 
Group III Low Sodium Diet Eight male rats, weighing 
2^b to 37b grams at sacrifice, were placed on the low sodium 
diet with trained feeding for three weeks prior to the experi¬ 
ment. There were b control and 4- experimental animals. 
Group IV Low Potassium Diet Ten male rats, weighing 
260 to 312 grams at sacrifice, were placed on the low potassi¬ 
um diet with trained feeding for three weeks prior to the ex¬ 
periment. There were 6 control and 4- experimental animals. 
The experimental rats were sacrificed in the carbon dioxide 
hood. 
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C ALC XJLAT IONS 
The intracellular sodium and potassium of fat-free mus¬ 
cle were calculated according to the method of Hastings and 
Eichelberger 0 5)» These calculations are based on the as- 
sumptions that chloride is entirely extracellular and that 
sodium, potassium and chloride are present in the extracellu¬ 
lar fluid as a result of the Gibbs-Donnan effect. The details 
of these calculations are indicated below. 
(1) Gm. HpO per kg. muscle - determined experi¬ 
mentally as the sum of the water lost in the 
first and second dryings, 
(2) Gm. fat per kg, muscle = $fat in dry muscle 
(determined experimentally) x weight of dry 
muscle per kg, wet muscle, 
(3) Gm. FFWM* per kg, muscle = 1000 minus (2). 
(4) Gm. H20 per kg. FFWM = 1000 x (1) ~ (3). 
(5) Gm. FFS^ per kg, FFWM = 1000 minus (4), 
(6) Cl^, Na^., and = Cl, Na, and K per gm. FFS 
(determined experimentally) x (£)• 
(7) 
1 Fat-free wet muscle. 
? Fat-free solid. 
f Total chloride in mEq. per kg. F 
^ Cl in mEq. per L. extracellular 
5 Cl in mEq. per L, plasma. 
~ Assumed water content of plasma. 
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(8) BOWS * * 8 =r [(Clt X 1000) T Clgjj, x 0.999 
(9) ICW10 
11 
H20 minus EDW. 
(10) Na12 
e 
[([Na] x 0.95) r 0.93 J x EDW. 
Ke 
= [( [ic]p x 0.95) T 0.93^ x EDW. 
(11) NaP = Na^, minus Na0. 





per kg. intracellular 






per kg. intracellular 
1000) t ICW. 
H20 = 
DISCTJSSION OF CALCULATIONS 
The question Aether or not chloride may be considered 
entirely extracellular has been thoroughly reviewed by Manery 
(16). Her general conclusion is that in the particular case 
of muscle this is justified, A possible exception to this is 
when there is an elevated serum potassium. It should be noted 
that in three nephrectomized rats the calculated intracellular 
sodium content was negative. This result could be due to 1) in» 
S Extracellular H20 per kg, FFWM. 
9 Assuming of the extracellular phase is solid. 
10 Intracellular H2O per kg. FFWM. 
Total H20 in gra. per kg. FFWM. 
”12 Extracellular Na in mEq. per kg. FFWM. 
^8 Intracellular K in mEq. per kg. FFWM. 
(cc 
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creased presence of tendon or connective tissue in the muscle 
specimens where chloride may be present in greater concentra¬ 
tion than as a plasma ultrafiltrate (16), 2) errors in the analy¬ 
ses or 3) intracellular chloride* The first two were probably 
not the cause since similar dissection methods were used in all 
cases and the standard deviation was no greater than in the 
other experiments* It is possible that, in the presence of an 
elevated serum potassium, chloride moved intracellularly* In 
vitro, frog muscle has been found to gain chloride in the pres¬ 
ence of elevated extracellular potassium (17)» 
The intracellular concentrations of potassium and sodium 
in the liver were not calculated for several reasons* More 
chloride is present in the liver than can be accounted for on 
the basis of extracellular water* The glycogen content may 
vary considerably and it is known that the concentration of 
potassium in bile is higher than that in plasma (18)• 
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COMPARISON OF THIGH AND ABDOMINAL MUSCLE 
In comparing the published data on the electrolyte compo¬ 
sition of muscle it is important to realize that variation oc¬ 
curs not only with age but according to the location of the 
muscle analyzed* Holliday et al* found significant difference 
in the potassium content of fat-free dry muscle from back and 
thigh, but reported that the calculated concentration of po¬ 
tassium per kilogram intracellular water did not differ signi¬ 
ficantly (19). 
The abdominal muscles of the rats on the low sodium diet 
(Group III) were carefully dissected free of fascia and fat 
and analyzed as previously indicated* The sodium, potassium 
and chloride content of the thigh and abdominal muscles of the 
same animals are given in Table II. There were significant 
differences in the electrolyte content of the fat-free dry 
muscle between the two groups* However, when expressed as 
mEq* of sodium or potassium per kilogram of intracellular water 
differences between the muscle from the thigh and abdomen dis¬ 
appeared or decreased markedly, as found by Holliday. 
One cannot make the assumption, however, that the intra¬ 
cellular sodium and potassium are the same throughout the mus- 
cle of the body* In both Holliday’s data and those reported 
here there was a marked increase in the standard deviation of 
the calculated values over the analyzed values which might mask 
real differences. 
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It was reassuring to note that any shift in the electro¬ 
lyte concentrations of the control animals and those exposed to 
carbon dioxi.de was in the same direction in both the abdominal 




EXSANGUINATION IN CARBON DIOXIDE 
In the Initial experiments all the rats Including those 
exposed to carbon dioxide were sacrificed in room air. During 
this two to five minute period the experimental animals were 
able to blow off carbon dioxide with a concomitant elevation 
of plasma pH, In order to avoid this, in the subsequent stud¬ 
ies the experimental animals were sacrificed In the carbon di¬ 
oxide hood previously described. In the experimental nephrec- 
tomized rats half were exsanguinated in room air and the re¬ 
mainder in carbon dioxide. No significant difference was 
noted between these animals in any of the studies. 
Rats on a normal diet exposed, to carbon dioxide for 24 
hours were sacrificed by the two methods and are compared in 
Table III, Statistically significant differences were present 
in the sodium content of muscle and in the plasma carbon diox¬ 
ide content. This latter difference may be considered to be 
due to the higher plasma pC02 of the animals sacrificed while 
still exposed to carbon dioxide. It is apparent that there 
were no differences in the plasma chloride, sodium or potassi¬ 
um between the two groups. It is probably unjustified to com¬ 
pare these two groups since they differed in both weight and 
sex and variations in electrolyte concentration on that basis 
might mask significant differences. 
It night have been predicted that there would be no change 
in plasma electrolytes during the first few minutes of recovery 
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from chronic respiratory acidosis for it has been noted that 
although the pH rapidly changes other adjustments occur more 
slowly (6, 20)• Also the data presented here on the nephrec- 
tomized animals did not reveal any differences in the electro¬ 
lyte concentrations between the experimental and control 
groups* 
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Plasma The effect of respiratory acidosis on the plasma 
of normal rats, nephrectomized rats and rats maintained on low 
sodium and low potassium diets is given in Table IV. 
Rats on the regular diet exposed to 8% carbon dioxide for 
24 hours had a decrease in plasma chloride of 6,4 mEq. per li¬ 
ter and an increase in plasma carbon dioxide content of 6*3 
mEq. per liter over the control animals. In the experimental 
animals there was a 0.5 mEq. per liter increase in the plasma 
potassium and no significant change in the plasma sodium con¬ 
centration. 
There were no differences in the plasma electrolyte con¬ 
centrations of the experimental nephrectomized animals from 
their controls. In work not reported here, rats which had had 
mock nephrectomies responded to respiratory acidosis in the 
same manner as normal rats which had not had surgery. 
The experimental rats on the low sodium diet had an 8.7 
mEq. per liter decrease in the plasma chloride and a 6.3 mEq. 
per liter increase in the plasma carbon dioxide content from 
their control animals. There were no significant changes in 
the plasma sodium or potassium. 
The control rats on the low potassium diet had the plasma 
electrolyte changes of potassium depletion. Compared with the 
control rats on the normal diet they had a decrease in the plas¬ 
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dioxide content. On exposure to 8% carbon dioxide the potassi¬ 
um depleted animals had a 6,5 mEq. per liter decrease in plas¬ 
ma chloride and a 9*3 mEq, per liter rise in carbon dioxide 
content over their controls. There was an elevation in the 
plasma potassium of 0,6 mEq, per liter and no significant 
change in the plasma sodium. 
In summary, the effect of 8% carbon dioxide inhalation on 
rats on normal, low sodium and low potassium diets was to de¬ 
crease the plasma chloride concentration by about 6 mEq, per 
liter and to increase the plasma carbon dioxide content by 
about the sane amount. There was either a slight increase in 
the plasma potassium or no change. There was no change in the 
plasma sodium concentration. Exposure of nephrectomized rats 
to 8% carbon dioxide did not change the concentrations of the 
plasma electrolytes which were studied. 
Muscle The effect of respiratory acidosis on the muscle 
of normal rats, nephrectomized rats and rats maintained on low 
sodium and low potassium diets is given in Tables V and VI. 
In the normal animals exposed to 8% carbon dioxide there 
was a drop of 1,5 mEq. of potassium per 100 gm. FFDM. This de¬ 
crease was not reflected in a significant decrease in the po¬ 
tassium concentration of cell water. There were no changes In 
the sodium, potassium, chloride or water concentrations. 
There were no significant changes of muscle electrolytes 
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The experimental rats on the low sodium diet had a signi¬ 
ficant decrease of 2.7 mEq. potassium per TOO gm. of FFDM and 
of 8*8 mEq. potassium per kg. of cell water after exposure to 
carbon dioxide. There was an increase of 3.6 mEq. sodium per 
kg. of FFWM and an increase of 6.7 mEq. sodium per kg. cell 
water upon exposure to elevated carbon dioxide. There was no 
change in the water or chloride content. 
The control animals on the low potassium diet had a sig¬ 
nificant decrease of 9*6 mEq. potassium per 100 gm. FFDM and 
an increase of 3*3 mEq. sodium per TOO gm. FFDM from the con¬ 
trol animals on a normal diet and can thus be considered po¬ 
tassium depleted. Except for the increase of 8.4 mEq. potassi¬ 
um per kg. cell water there were no significant differences in 
the water or electrolyte concentrations between the experimen¬ 
tal and control animals. 
Liver The effect of respiratory acidosis on the liver of 
normal rats, nephrectomized rats and rats maintained on a low 
sodium diet is given in Table VII. 
There were no significant changes of either water or elec¬ 
trolyte concentrations in the normal rats upon exposure to car¬ 
bon dioxide. There was a significant increase of 1.5 mEq. of 
potassium per 100 gm. FFDL in the nephrectomized rats in res¬ 
piratory acidosis over their controls without other changes. 
The experimental rats on the low sodium diet had a signi¬ 
ficantly higher percent water and lower percent fat than their 
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FFDL lower in the experimental animals* There were no differ¬ 
ences in the sodium and potassium concentrations* 
Bone The effect of respiratory acidosis on the hone of 
normal rats, nephrectomized rats and rats maintained on low 
sodium and low potassium diets is given in Table VIII* 
The normal experimental rats had an increase of 0.6 mEq* 
potassium per 100 gm. dry bone and a decrease of 3.5 mgm* 
phosphorus per gm, of dry bone without other significant changes 
There were no significant differences in the bone analyses 
of the experimental and control nephrectomized animals. 
The experimental animals on the low sodium and low potas¬ 
sium diets respectively had a decrease of 0*9 and 0*8 mEq* 
chloride per 100 gm* dry bone, compared to their controls* 
There were no other significant differences in either group. 
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DISCUSSION 
In animals with intact kidneys, the most striking effect 
of respiratory acidosis on the plasma was a consistent increase 
in the plasma carbon dioxi.de content and a decrease in the plas¬ 
ma chloride concentration* The increased carbon dioxide con¬ 
tent has been shorn to be related to increased renal tubular 
absorption of bicarbonate in the presence of increased pC02 
(21-23)® In acute respiratory acidosis the hypocliloremia has 
been attributed in part to a chloride shift: into the red blood 
cells (8), However, in chronic respiratory acidosis in man, 
the red blood cell chloride is normal in the presence of hypo- 
chloremia (21+). Recently it has been shown that rats in res¬ 
piratory acidosis have a. chloruresis of sufficient degree to 
account for the observed hypochloremia (25)® The changes in 
both carbon dioxide and chloride of plasma, then, are probab¬ 
ly chiefly the result of renal action* 
In normal rats and in potassium depleted rats a small but 
significant: increase in the plasma potassium occurred in re¬ 
sponse to respiratory acidosis® Other investigators have 
shorn respiratory acidosis to result in hyperkalemia in dogs 
which were either nephrectomized or had ligated ureters® 
Scribner and Burnell (6) exposed dogs with ligated ureters to 
30$ carbon dioxide and noted a gradual rise of plasma potas¬ 
sium from 4-*2 to 7® 5 mEq® per liter over four hours® Similar 
results were obtained in dogs with intact ureters (26)® Other 
■ 




* ... ,T / . * O *s C* \ 
* ' ■ ~~ 
.... ' . | 
v; ■ ”10 li io P ©Vi 
,c :: r:i; 0/'.'. 
-i j_r, ’ 0 . •< 3©CO »£r.* ’ 
joooy 
» ■ 
« * >; 
. ■ : E ’ XO ' $) ne > ,.r- S'cv 
♦ 
/V j, 
VX J.O. V ’ - 
• V ■ ■ . ■ • ' .■ » . 
•3 r >c ' - H 
■ : 0.1 X> {.§£3 
*3 „ Qs'jj . )‘X 0$ © rsoct© 
j . . *, " 
.. 4 • % hiob * ? " (WO ■ 
, • ■. ■ ■ : l : ' ' ■ • 
■ r.© (3) 
■ . ; . ■ ■ 
■ if./ion fctf: 
- . 05; 
*> 
• •ovo vceil I ts . , 
' 
-20- 
work with nephrectomized dogs in respiratory acidosis showed 
an increase in the plasma potassium for the first hour but 
with the continuance of acidosis this returned toward normal 
(8). Hyperkalemia significantly greater than that of the con- 
trol animals was not observed in the nephrectomized rats of 
the present experiments. Part of this descrepancy may be re¬ 
lated to species difference and to the marked differences in 
experimental conditions existing between the present study and 
those of other workers. It should be noted, however, that the 
mean plasma potassium was higher in the rats exposed to carbon 
dioxide than in those breathing room air, A physiological 
difference might be masked in this case by the small number of 
experimental animals and a large standard deviation. 
Potassium depleted animals demonstrated the expected in¬ 
crease in plasma carbon dioxide content over rats eating a 
normal diet. Upon exposure to carbon dioxide there was a fur¬ 
ther increase in the carbon dioxide content of plasma. This 
is consistent with the work of Roberts, Randall, Sanders and 
Hood (27) who showed that hypokalemia increased the reabsorp¬ 
tion of bicarbonate, but that hyperkalemia reduced to normal 
the enhanced reabsorption of bicarbonate caused by respiratory 
acidosis. They proposed that bicarbonate reabsorption varied 
inversely with the pH of the renal tubular cells, suggesting 
that increased carbon dioxide and decreased plasma potassium 
both caused a decrease in cell pH while an elevated plasma 
potassium would tend to elevate the decreased cellular pH 
caused by respiratory acidosis. In the potassium depleted 
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animals in respiratory acidosis the increased carbon dioxide 
and decreased plasma potassium would be expected to cause a 
greater decrease in the renal tubluar cell pH than either a- 
lone and hence a greater reabsorption of bicarbonate. 
In the present experiments, no significant extrarenal 
compensatory adjustments to the respiratory acidosis were de¬ 
tected since there were no alterations in the electroylte 
patterns of plasma, muscle and bone in the nephrectomized 
rats exposed to carbon dioxide. In the presence of the kid¬ 
neys, however, changes in the composition of muscle occurred 
which appear to have some importance from the standpoint of 
bodily compensation to respiratory acidosis. 
It Is interesting to relate the sodium and potassium 
content of rat muscle to the recent work of Levitin, Branscome 
and Enstein (25,28). They reported balance data on normal 
1 
rats and rats maintained on low sodium and low potassium 
diets. They measured a net negative balance of potassium 
(as determined by the difference between intake and urin¬ 
ary output) in rats eating a normal and a low sodium diet 
after exposure to 2k hours of 8% carbon dioxide. In rats 
on a low potassium diet a negative balance of sodium was ob¬ 
served. The decrease in muscle potassium which occurred in 
the rats of the present study on the normal and low sodium 
diets was of the same order of magnitude as the net loss of 
potassium from the body determined by Levitin, Branscome and 
Epstein, if one assumes that the muscle analyzed was repre- 
^ These animals are the same ones that are reported in this 
study* 
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sentative of the whole body muscle. The small negative bal¬ 
ance of sodium observed by Levitin and Epstein (28) to occur 
when potassium depleted rats were exposed to carbon dioxide 
might similarly have been accounted for by losses in cell 
sodium, although changes in muscle sodium in the present ex¬ 
periments were not observed. 
It was noted that the sodium and potassium of both the 
analyzed muscle and the calculated intracellular values al¬ 
ways varied inversely with each other, but not to the same 
degree. It must be emphasized however that this was not al¬ 
ways statistically significant. 
Excluding the riephrectomized rats, the chloride content 
of muscle, liver and usually bone decreased in the animals 
in respiratory acidosis. This characteristic decrease, not 
statistically significant, was related to the hypochloremia 
of the extracellular fluid. The total tissue water remained 
unchanged and the calculated intracullular water did not 
vary significantly or in a characteristic pattern. 
The decrease in muscle potassium in rats on normal and 
low sodium diets exposed to carbon dioxide seen in the pre¬ 
sent experiments was not observed by Cooke, Coughlin and Se- 
gar (9). Rats exposed to 10 to 1 carbon dioxide for three 
weeks were found by "these workers to have a high normal mus¬ 
cle potassium and a somewhat decreased muscle sodium content 
which they explained on the basis of an exchange of extra¬ 
cellular potassium for intracellular sodium (29) . Part of 
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the discrepancy may be due to the difference in the dur¬ 
ation of the study. The experiments reported here were 
conducted for 2h hours because it was believed important 
to allow time for equilibrium to be established without 
evoking other effects such as anorexia and consequent 
undernutrition which might be present in more chronic ex¬ 
periments. 
In contrast to the work of Bergstrom and Wallace (1) 
who found that sodium and potassium depletion of bone 
occurred in dogs in metabolic acidosis, there was no sig¬ 
nificant decrease in bone sodium or potassium in any of 
the experimental animals. In the experimental rats on a 
normal diet there was a significant decrease in bone phos¬ 
phorus. Rats in respiratory acidosis have been observed to 
have increased excretion of phosphorus(25)• That this 
phosphorous depletion did not occur in all the experiments 
suggests that multiple factors may be involved. It would 
be of interest to know whether any depletion of muscle 
phosphorus occurs with respiratory acidosis. Neuman and 
Neuman have reported that synthetic apatite equilibrated 
with bicarbonate exchanges phosphorus for carbon dioxide (30). 
No particular effect of hypercapnia was noted on the 
livers of the experimental rats. In the nephrectomized rats 
there was a significant increase in the potassium content on 
exposure to respiratory acidosis, but other studies not re¬ 
ported here, on nephrectomized rats under slightly different 
conditions,failed to show this effect and it is possible 
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that this is not really a representative response. Gats in¬ 
haling high concentrations of carbon dioxide develop hyper¬ 
kalemia and depletion of liver potassium from the stimulat¬ 
ion of the adrenal-sympathico-hepatic system which may be 
in part related to glycogen depletion (31?32). This effect 
could not be detected below about a 10$ threshold concen¬ 
tration of carbon dioxide. Rats in 8% carbon dioxide appar¬ 
ently do not have this hepatic potassium depletion. 
The question must arise - does the stress of carbon 
dioxide inhalation with a possible concomitant release of 
adrenal steroids affect the electrolyte response to respir¬ 
atory acidosis? Increasing secretion of 17 -hydroxycorti- 
costeroid with increasing concentrations of carbon dioxide 
(up to a maximal effect) occurs in dogs (33)• However, a 
minimal concentration of carbon dioxide usually greater than 
10^ was required, before this was noted. Aldosterone secre¬ 
tion has not been studied under these conditions. If a sod¬ 
ium sparing mechanism on the basis of Increased steroid pro¬ 
duction caused increased potassium excretion In the normal 
experimental rats, It would seem likely that actual sodium 
retention would have occurred. This was not observed In the 
balance studies by Levitin, Branscome and Epstein (2J0* In- 
potassium depleted rats, sodium excretion actually increased 
on exposure to carbon dioxide. 
What, then, is the explanation for the fact that in 
respiratory acidosis only renal adjustments appear to occur 
while in metabolic acidosis there is an exchange of extra¬ 
cellular hydrogen for intracellular cations? One possibility 
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is that experimental metabolic acidosis is generally produc¬ 
ed by the addition of strong mineral acids with nondiffus¬ 
ible anions to the extracellular fluid. The immediate effect 
produces an extracellular acidosis. Hydrogen ions tend to 
move intracellularly in exchange for intracellular cations 
which enter the extracellular fluid in order to maintain 
ionic equilibrium. Carbon dioxide, on the other hand, is 
believed to be almost immediately permeable to the cell mem¬ 
brane 04). Thus in respiratory acidosis one would expect 
an increase in pCOq both intra and extracellularly without 
a disproportionate pH shift between the two phases. In the 
absence of renal function there might be little impetus for 
adjustments to occur. 
Strong mineral acids (hydrochloric) can be buffered by 
salts of weak acids (sodium bicarbonate, sodium or potassium 
proteinate). Carbonic acid, on the other hand, cannot be 
buffered by sodium bicarbonate although it is a stronger acid 
than most proteins. The reaction 
K+ + IC prot”' + H2C0o - <■—-> HICprot + K+ + HCO“ 
(which results in a loss of cellular potassium ion) pro¬ 
bably occurs to a minimal extent in nephrectomized rats ex¬ 
posed to carbon dioxide, but is prevented from proceeding 
because of the accumulation of potassium ions in the extra¬ 
cellular fluid. However, when the kidneys are intact, po¬ 
tassium, which is lost from muscle because of the buffering 
function of intracellular protein, is removed in the urine 
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and further hydrogen ion accumulation and potassium loss 
by muscle is allowed to continue. 
These observations underline the importance of the 
kidneys in defense against respiratory acidosis. Not only 
do they excrete some of the added load of hydrogen ion as 
ammonium and titratable acid, and reabsorb bicarbonate to 
restore plasma pH toward normal, but they permit cellular 
buffering of hydrogen ion to take place by excreting intra¬ 
cellular cation (potassium) before it accumulates, ^he 
burden thrown on the kidneys is seen to be all the greater 
when it is realized that, unlike metabolic acidosis, bone 
sodium does not exchange appreciably with hydrogen when 
animals are exposed to carbon dioxide. 
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Electrolyte Composition of Diet 
Na mEq./gm. K mEq./gm. Cl mEq./gm. 
Normal Diet 0.115 0.128 0.135 
Low Sodium Diet 0.0057 0.160 0.138 
Low Potassium Diet 0.167 0.143 0.00727 
TABLE II 
Comparison of Thigh and Abdominal Muscle 
?&20 %Fat Cl1 * * * 5 Na1 K1 Na? 
1 
Room Air (4)3 
Thigh 75.1. 3*0 5.7 8.2 46.4 3.1 156.0 
0.6^ 0.8 0.3 0.4 1.5 1.4 4.7 
Abd. 74.6 V. 4 8.4 11.7 42.5 3.1 147.9 
0.7 0.7 0.8 1.0 1.0 0.3 4* 1 
P? **** sjcaf; ns * 
Carbon Dioxide (4) 
Thigh 75.1 2.7 4.9 9.7 43.7 9.8 148.2 
1.2 1.1 0.6 1.3 0.6 2.1 3.7 
Abd. 75.6 2.8 7.6 12.9 41.2 8.6 145.7 
0.6 0.3 1.1 1.3 0.8 2.6 2.1 
P sfesjcajs ns ns 
l MEq. per 100 gm. FFDM. 
^ MEq* per kg. intracellular water. 
P. Number of rats. 
^ Meant: standard deviation. 
5 Probability using Student*s T test for significance. 
*c.05, **<.01, *** <*005? ****<.001, ns - not significant. 
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TABLE III 
Exsanguination of Experimental Rats in Room Air and Carbon Dioxide 














Fat Free Dry Muscle 














































1 10 female rats weighing 180-227 gnu at sacrifice. 
2 8 male rats weighing 282-502 gnu at sacrifice* 
3 Probability using Studentrs T test for significance# 
* < *025} ** ^.01, ns - not significant. 
4- Mean standard deviation# 
<35* 
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TABLE IV 
The Effect of Respiratory Acidosis on Plasma 
C02 mEq./L, Cl mEq./L. Na mEq./L. K mEq./L. 
' - •' ' ' ' J . 
Normal Diet Group I 
Room Air (10)1 24.4, 105.6 148.6 3*48 
2*7^ 1.3 2.2 0.24 
C02 (10) 30.7 99.2 150.6 4.02 
3.8 1.9 4.6 0.43 
p3 ** ns 
Nephrectomy Group II 
Room Air (7) 21 *0 93. 148.8 7.09 
2.0 2.5- 4.5 1.08 
C09 (6) 21.1 94. 31 2 3 4 151.4 7.82 
1.6 2.4 5.2 0.31 
P ns ns ns ns 
Low Sodium Diet Group III 
Room Air (4) 25.9 106.7 151.1 3.95 
0.5 1.4 0.6 0.59 
GO- C4) 32.3 97.9 152.0 4.10 
1.3 1.7 6.3 0.2 
p ns ns 
Low Potassium Diet Group IV 
Room Air (6) 29.6 99.5 146.9 2.00 
1.8 2.1 1.8 0.20 
co2 (4) 38.9 93.0 150.3 2.62 
0.3 1.7 4.4 0.12 
P ns * 
1 Ember of rats* 
2 Mean - standard deviation* 
3 Probability using Student®s T test for significance, 
, * <. *025? ** < *005, *** < ®001j ns - not significant, 
^ Determined by the Volhard titration. This method averages 
about 6 mEq./L* less than the chloride concentration deter¬ 
mined by potentiometric titration. 
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TABLE V 
The Effect of Respiratory Acidosis on Muscle 
Normal Diet- 




p2 Room Air (7) 
Group II 
C02 (6) P 









% Fat/sample 0,73 1.00 ns 1.46 1.50 ns 
0.34 0.64 0.91 0.74 
Fat-Free Dry Muscle 
Na mEq,/100 gm. 9*0 9.2 ns 7.7 7.5 ns 
0.9 0.9 0.4 0.6 
K mEq./100 gm. 47.3 45.8 * 48.7 48.7 ns 
1,2 1*4 0.8 0.8 
Cl mEq,/100 gm. 4. 9 4.2 ns 5.2 5.2 ns 
0.8 0.8 0.4 0.7 
Fat-Free Wet Muscle 
HpoiVkg. 680,6 681.8 ns 676.1 667.7 ns 
16.4 17*3 14.7 19.8 
Na mEq,/kg, 20.4 21,3 ns 16.9 16.8 ns 
2.5 2.2 1.2 1.9 
K mEq./kg. 107*2 106.1 ns 106.5 109.2 ns 
■■ ■ ...<■ ■ 
3.0 3.0 3.2 2.9 
Intracellular H2O 
Na^ mEq./kg. 9.3 11.7 ns 1.1 0.6 ns 
5.0 5*2 0.8 0.9 
K± mEq,/kg, 157.2 155.3 ns 156.2 162.5 ns 
6.6 7.8 7.4 7.9 
1 Number of rats. 
2 Probability using Student * s T test for significance, 
* <^.025> ns - not. significant, 
3 Mean n standard deviation, 
4 Gffl, intracellular water. 
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The Effect of Respiratory Acidosis on Muscle 
Low Sodium Diet Group III Low Potassium Diet Group IV 
Room Air (4)1 CO2 (4) p1 2 Room Air (6) CO2 (4) p 
% H2O/sample 75.1, 
0.63 4 
75.1 ns 74.1 73.9 ns 
1*2 0.3 0.5 
% Pat/sample 3.02 2.67 ns 3.75 3.61 ns 
0.76 1.08 1.28 0.61 
Fat-Free Dry Muscle 
Na mEq./lOO gm. 8.2 9.7 ns 13.3 12.3 ns 
0.4 1.3 1.5 0.3 
K mEq./tOO gm* 46.4 43.7 ** 37.7 39.2 ns 
1.5 0.5 2.2 0*8 
Cl mEq./lOO gm. 5.7 4.9 ns 4.9 4.6 ns 
0*3 0.6 0.5 0.3 










Na mEq./kg. 18*6 22*2 3*« 30.6 28*7 ns 
0*7 2.5 3.5 0.5 
K mEq./kg. 104.8 99.3 ns 86*6 91.4 ns 
3.4 2.8 4.8 1.9 
Intracellular K-.0 
Na^ mEq./kg. 3.1 9.8 23.6 19.8 ns 
1.4 2.1 3.8 0.8 
% mEq.Ag* 156.0 148.2 * 128.6 137.0 * 
4.7 3.7 6.1 2.5 
1 Number of rats* 
2 Probability using Student* s T test for significance* 
* ** <*025? *** ^ *005? ns - not significant* 
3 Mean 1 standard deviation* 
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TABLE VII 
The Effect of Respiratory Acidosis on Liver 
$ h20 fo Fat Na1 K1 Cl1 
. 
Normal Diet GroupI 
Room Air (10)2 73.5, 1.22 10.7 36.6 10.5 
1.13 0.33 0.9 1.2 0.9 
CO (10) 73.0 1.28 10.9 36.1 9.8 
2 0.6 0.43 0.7 1.5 1.5 
ns ns ns ns ns 
Nephrectomy Group II 
Room Air (7) 73.0 1.22 11.0 35.4 9.2 
0.6 0.33 1.1 1.1 1.0 
COo (6) 73.5 1.28 11.6 36.9 9.0 
1.1 0.43 2.1 1.1 1.6 
P ns ns ns * ns 
Low Sodium Diet Group III 
Room Air (4) 70.6 4.09 9.3 35.5 11.6 
0.2 0.95 0.2 0.7 0.3 
c (4 ) 71.7 1.85 9.6 35.3 9.9 
0.3 0.26 0.8 1.8 0.6 
p ## ns ns ** 
J MEq./IOOgm. fat free dry liver* 
^ Number of rats 0 
P Mean - standard deviation® 
^ Probability using Student’s T test for significance. 
* < »Q5? ** < .0Q5j *** < .001 ? ns - not significant. 
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TABLE VIII 
The Effect of Respiratory Acidosis on Bone 
... - ' 
% H2p Na1 Ki Cl1 P2 
' .. - - - 
Normal Diet Group I 
Room Air (10)^ 13.7k 28.3 1.9 1.7 130.4 
1.04 0.4 0.3 0.6 2.2 
C0o (10) 20.8 28.0 2.5 1.9 126.9 d. 2.6 0.7 0.6 0.4 3.1 
P5 ns ns * ns ** 
Nephrectomy Group II 
Room Air (7) 28.8 27.7 4.5 2.6 124.3 
4.4 1.1 0.8 0.8 4.4 
C02 (6) 27.3 27*3 4.4 2.7 125.7 
4.8 0.6 1.1 0.6 4.9 
P ns ns ns ns ns 
Low Sodium Diet Group II 
Room Air (4) 27.8 27.5 4.2 3.2 127.0 
3*7 0.4 0.8 0.4 4.1 
C02(4) 24.9 28.4 3.4 2.3 130.0 
2.0 1.1 0.6 0.4 5.2 
P ns ns ns * ns 
Low Potassium Diet Group III 
Room Air (6) 24.5 26.3 3.4 3.0 126.1 
2.1 0.2 0.5 0.3 0.3 
co2 (4) 21.3 26.8 3.0 2.2 126.7 
2.1 0.3 0.4 0.1 1.5 
P ns ns ns JfssfeJjs ns 
J MEq./lOO gm. dry bone* 
- Mgm./gm* dry bone. 
£ Number of rats. 
^ Mean "h standard deviation. 
^ Probability using Student*s T test for significance. 
* < .025, ** < *01, *** < .005, ns - not significant. 
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SUMMARY 
The effect of respiratory acidosis induced in rats by 
2h hours exposure to 8$ carbon dioxide on 
a* Plasma 1) Normal rats and those maintained on low so- 
dium and low potassium diets had an increase 
of carbon dioxide content and a decrease in 
chloride concentration of about 6 mSq® per 
liter respectively. 
2) Normal rats and those on a low potassium 
diet had a slight increase in potassium con¬ 
centration. 
b. Muscle Normal rats and those on a low sodium diet 
had a decrease of 1.5’ and 2.7 mEq. potassium 
per 100 gnu fat—free dry muscle respectively. 
c. Liver No significant change in the sodium or po¬ 
tassium concentration was noted in the rats 
d. Bone 1) 
on normal, low sodium or low potassium diets. 
There was a slight increase in the potassium 
concentration of dry bone in the normal rats. 
2) There was a decrease of 3.5 mg. phosphorus 
per gm. dry bone in normal rats. 
There were no significant changes in plasma, muscle, or 
bone electrolytes in nephreetomized rats in respiratory 
acidosis* 
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3. There were significant differences in the chloride, 
potassium end sodium concentrations of fat-free dry 
muscle from the abdomen and thigh of rats. 
. 
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